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AbstracA - Keteor data obtained f ron  the Soutkimn H e m i s -  

phere confirms tha t  the strengths o f  the helion, apex and 

ant ihel ion sources o f  sporadic rneteor ac t iv i ty  are i n  the 

r a t i o  2:l :2 vhen avmaged over a nhole year. Ihiring the 

year the helion and anti-helion source strengths vary from 

0.8 t o  4.0 times that  o f  the apex. 
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I n  the course 09 a year-long sm-ey 03 meteoric 

a c t i v i t y  dwing 1360-61 data o f  high c-uality was obtzinzd 

with much i n t r i n s i c  information concerning the dis t r ibu t ion  

of meteors i n  the region of space traced out by the ear th’s  

o r b i t .  

by ELLYETT and KEAY (1961 1963). Using these r e s u l t s  KElAy 

(I 963) has coWirned t1iz.t the densi ty  o r  meteors around 

the ear th’s  o r b i t  i s  Z-ezter i n  the secord kif' of‘ the year. 

T h i s  fac t ,  combined n i th  the seasonal ei’f’ects 02 the a x i a l  

The r e su l t s  o f  the survey have been f i l l y  i-eported 

tilt  o f  the emti?, s a t i s f cc to r i ly  explains the main feLtures 

o f  the observed m i u d  and diurnal var ia t ions i n  meteoric 

zc t iv i  ty. 

I n  this psser  the survey r e su l t s  nentioned above 

have been Lfurther analyzed to shoir that although the three 

recognised e c l i p t i c  concentrations 02 sporadic  netear raGiants 

are  alwsys present tne i r  re la t ive  s t rengths  v ~ r y  considerably 

throughout the ycai?. 

SPORADIC KETEOR W i l ’ i N T  DISTRZBUTIOIT MODEL 

I n  recent yLr.TS i t  hcs been def lni tc ly  es‘czblished 

tha t  the r3diants of sporadic meteox3 tei-id t o  be c lustered 

in to  three major groc;iings zlong t k e  ecliptic. On the basis 

o f  observztions made betvreen I930 and I949 by visual  observers 

organised by the B r i t i s h  Astronomicd &socist,ion, PiGNTICE 
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an?. IUl.4XINS (1953 and 1957) have shown how the dis t rsbut ion 

o f  sporadic meteor radiants i n  e c l i 2 t i c  1z . t l t t t de  i s  sharply 

concentrated on the ec l ip t i c  i tselI" ,  while the  d is t r ibu t ion  

i n  e c l i 2 t i c  longitude shows two grominent peaks, one a t  the 

apex of the ear th 's  way znd one near t h e  anti-helion point. 

Daylight ns tura l ly  prevented the visual  observzition of any 

peak within about 60 degrecs 02 the sun's posit ion,  

A detai led analysis by FXPXINS (1956 a,b) o f  radar 

observations 02 sporadic meteors obtained be tmen 1949 and 

1953 confirmed the visual  resu l t  ard disclosed a t3Lrd radiant 

grouping located near the helion point,  Subseccent triple- 

s t a t i o n  radar measurements by D J 1 X  ana GILL (1960) of the  

orbits of sporadic meteors, and mdar observhtions by WEISS 

and SMIm (1960) using ecuipment similar t o  that used by 

"Jf(lNS, hwe substantiated the previous findings. 

these workers are  i n  agreerdent tha t  three major grou2ings OF 

radiants ex i s t  but  there i s  some disagreement as t o  the 

r e l a t ive  strengtks of tile groupings. 

t h a t  thc apex grolrpine i s  much l e s s  compact than the other  

two, a r e su l t  t o  bz expectec s ince the apparent concentration 

o f  radiants  near the apex is a coi'iseGu-ence o f  the streaming 

e f f e c t  brought about by the ear th 's  o r 3 i t a l  motion, 

A l l  of 

It is  general ly  agreed 

I n  the l i g h t  0,: these resuLts i t  is  c lear  tha t  a 

i-adiant d i s t r ibu t ion  moG&l consisting of' three d iscre te  

independent sources superPimposed on a uniform background 
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would represent a simple approximation to  the observed meteor 

radiant dis t r ibut ioa.  Sud? an zg?ro:5m,-.tion has been used 

qui te  erfect ively by IKKG<S and JAMES (-l959) i n  t h e i r  pred- 

i c t ions  of the monthly vaj5ations i n  meen echo i-ate observed 

i n  Tori-lard s c a t t e r  co~- i i~- ica t io i l  links . Jhen used v i t h  the 

r e s u l t s  o f  the Christchurcli survey, i n  which very low 

resolut ion a e r i a l  systems 7-fei-e emyloyed, a discrete-source 

approximation yields  even be t  ter conco~C between the cornputed 

anC observed echo rates .  

In  the 2ublisheG- resu-li;s the;-e i s  agreement t h a t  

the helion a n G  anti-helion sources are  locatec betvieen 60 

and 70 degeees i n  e c l i p t i c  longitude on t h e i r  respective 

s ides  oi" the apex of the ear th 's  nay. The o3l iqui ty  of the 

e c l i p t i c  (23.45') is  such thzt 65 degrees i n  e c l i p t i c  long- 

i tude is  equivalent t o  65 degrees i n  r igh t  ascension t o  

n i t h i n  f 3 percent, depending on season. 

be lezi t imate  f o r  tne puqose  of this  paFer t o  t r e a t  these 

coordinates as ec,uivdent and assume the helion an& a n t i -  

helion sources t o  be located a t  a Tixed hour-angle on e i the r  

s ide 02 the agex position. In  order t o  s impl i fy  calculat ions 

t h i s  difference i n  hour angle 'zas taken to  be exact ly  four 

h0Ui-s  i n  each case; o r 9  i n  other  words, the local mean time 

or" meridian transit 02 tne anti-helion s o u x e  was taken t o  

be 0200 hoUi-S, the apex source 0600 hours and the hel ion 

source I000 hours. 

It WOUE tilerefore 



SYNTHESIZED DIURiKL R"2E C'JRTZES 

The a e r i a l  systen! employed during the survey was 

omni-directional i n  azimuth and i t s  ve r t i ca l  radiat ion 

pa t te rn  vas kno-m. This ena3led the equipment response t o  

be determined as a simple ;'unction of the elevat ion 02' a 

racYiznt (KEXY, 1963). 

can therefore  be cdcula ted  f o r  any given radiarit d is t r ibut ion.  

The diurnal  var ia t ion i n  meteor r a t e  

The triple-source radiant distri ' imtion model defined 

i n  the previous sect is i l  leads t o  cliurnal r a t e  curves (averaged 

on a monthly basis)  wkich are very close t o  tkose ac tua l ly  

observed, provided the re la t ive  strzen:-4As o f  the three 

somces aTe adjustea f o r  b m t  f i t .  

the sources a re  aXed to  the backgroxai: l eve l  defined by the 

minimum value of the observed Ciurnal r a t e  curve. 

always occurs close t o  1890 hears L.T. a t  the time 02 transit 

o f  the antapex when a l l  three node1 sources are  below the 

horizon and therefore not contributing t o  the echo ra te .  

T;rpical r e su l t s  are shoxm i n  L'ig. 1 . , i n  which the r a t e s  

calculated I'rom the model d i s t r ibu t ion  are drawn as histograms 

and the measured hourly x t e s  (centred on the half-hour) 21-8 

shown as  connected dots. The celculated r a t c s  f o r  May and 

September show close agreement v i t h  the measurea rates .  

This was also the casc foia the nanths o f  February, i igri l ,  June 

md October. 

The contributions from 

The minimum 
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The ,Ustogram f o r  July is  the extreme examDle o f  the 

insdequacy of  the simple triple-source ;?adiant model t o  coLJe 

with s s i tua t ion  tihere slleteors m e  incic'ent from a complex ojP 

radiants  not coincident with any- OS the three socrce posi t ions 

defined Tor  tlie model. Smaller disci-epmcies o f  a cimilar 

nature were obtained with the diurnal ;:atEs calculcted for the 

months oL March 2nd d,ugc.st. 

A different  s i tua t ion  i s  exemplified by the  iiistogPm 

f o r  December. Hcre i t  is  the posi t ions 2s ne11 as the strengths 

of the node1 sowces i-~hick need zdjustment i n  order t o  obtain 

best  fit  t o  the mecsured rate  values. The anti-helion source 

evidently culminates sonewhat e a r l i e r  Curing December W-ile 

the apex m a x i m u m  appezrs t o  be delayeSi by the gresence of 

meteoric zc t iv i ty  which the simple sodel cannot encom2ass. 

'ine curves f o r  November and J2nu;r-y show a s imiler ,  5ut  smaller 

degree oT source nisal igment .  

During tlie year two very pronounced peaks o f  

neteo2ic a c t i v i t y  occur, one a t  the end o f  Ju ly  and the o ther  

i n  December (ELLYETT and KiL.L,Y? 1963)# and it was for these 

two months t&t the synthesized rclte cwves (histogrzms) 

mere the worst  approximztions t o  the observed di-wnal c-tlrves. 

Even so the values obtaineG foi. the source s t rengths  z t  

these times nou-16- never be . - o x  than 30 percent i n  e r ro r  

except f o r  8 sossible  underes t inz ted  40 pel-cent f o r  the 
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anti-helion source i n  July an6 I’,ugust (see Fig, 2) i f ’  the 

intense meteor shocers t2en present a l e  included Fn the E c n t i -  

helion source cor-tribution. 

iJU!KL.LG VL’31i,TIOiT 02 5OU2CE STXXGTHS 

The source s t r e n s h s  V i h i C h  y ie ld  bes t  f i t  between 

the synthesized r z t e s  and those a c t u d l y  observed vary great ly  

during the ye=. The mem source sti-erigths Tor each calendar 

month a -e  plot ted i n  arbi t rary un i t s  i n  Fig, 2 and the amounts 

by which the source s t r e n g t h  can be vzried i-ihile s t i l l  

maintaining a rezsonzbly good f i t  8:-e indicated by the ugser 

and loner limits. 

The var ia t ion i n  s t rength o f  the apex source follovvs 

the same pattei-n as the already estzbl ished annual - v a r i z  t i o n  

i n  the number 02 s2oraCi.c zeteors emcomtci-ed- by the ear th  

(KILY, 1 9 6 3 ) ~  but,  hrving a ncxincm t o  minimum strength r a t i o  

o f  four t o  one, i t  is  twice as accentusted. This i s  readi ly  

explained vihen it i s  i~emein3ereb that  neasv-i-ements oi” the 

annuzl var ia t ion or“ sporadic meteor in i iux  incluiies the 

helion and anti-helion contributions as  vie11 as those 

associated r i t h  the apex. 

The var ia t ion i n  s t renzth o f  the =ti-helion source 

f o l l o v s  a F a i r l y  s imilar  gat tern,  i n  mzrked contrast  t o  t ha t  

of the helion source which s t a y s  relilarkably constant i n  

s t rength throughout t he  yea?. Ls a r e su l t  the anti-helion 
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source is ;lredomiiisnt &.wine the k t t e r  months o f  the y e t s  

nhi le  the helion sourc.= predomin?.tcs ri-001 blzrch u n t i l  June. 

T h i s  helps t o  e x - l z i x  the obsmveC vz.riations i n  the 

time o f  the da i ly  maximum i n  the s2oradic i-ceteor r z t e  thiq0~-@1- 

out t2e year. The Jodre l l  Bank rzdzr r e su l t s  ciuoted by 

LOVELL (1957) exhib i te i  a dai ly  mzxirnva v/hich occurred 

between 0330 md 0800 hours L.T., 5.s shown by the middle 

p lo t  i n  Fig. 3 .  The Christchurch i-esul.ts, on the other  hznd, 

usual ly  exhibited two d is t inc t  pesks; one before, and the 

other  a f te r ,  0600 hours L.T. Fig. 3 reveals th2.t each s e t  

of z-esults follows the sane trend. From Nsrch t o  June i:;hen 

the helion source predomixtes and the anti-helion s o u x e  is  

a t  i t s  weakest the peaks occui- l a t e r  i n  the morning: an& 

towards the end o f  the  year when the anti-helion source i s  

very strong the pe&s z ~ e  dls2lcced e s r l i e r .  

RATIOS 07 SOURCE STPXTGXiS 

From Pig. '2 i t  is  clea?. t ha t  t i e  r e l a t ive  contrib- 

ut ions Trom each 02 the tkree sources vai-ies considersbly 

throughout the yeEr. The r a t io s  of the source s t rengths  

referred t o  the s t rength Oi the  apex source are s h o m ~  on a 

logarithmic scale  i n  Fig. 4 fi-om ;;-;?ich i t  nay he seen tha t  

both the helion/apex and anti-helion/apex ra t ios  average 

close t o  2 over 8 fill y e m .  This is i n  cxcellent epeement 

$ v i  th the noi-thern hemisphere r e su l t s  obtsined by D X I Z S  and 



GILL (1 960).  

r e s u l t s  of DAVICS and GILL is not et all good, poss ib ly  

because 02 the f a c t  tha t  their  equipment m s  operated for 

only 24 hours i n  each mnth. 

HoTLIever the month-3y-month 2-greement ~ ~ ~ i ' c l i  the 

In  both norther;? ai& southern hemispher: r e s u l t s  

the anti-helion source vmies  1noi-e than thc oziicr tno through- 

out the year althoush the naximm values occlir s i x  months 

z p r t  i n  the tno  s e t s  of x s u l t s .  T h i s  disagreement must 

be due t o  an observztional ei"f'ec-L not being properly allowed 

f o r  i n  one o r  poss ib ly  both  s z t s  o r  resv-lts. Since a f a i r l y  

low proportion 02 the  meteors observed by D,',VIES and GILL 

uere ident i f ied  8s shower meteors i t  seems surgi-ising tha t  

they recorded t h e i r  h i a e s t  r a t e s  dv-ring Xay, June and July 

when, according t o  dzta  f r o m  both iienispheres (KZAY, 1963), 

the i-elative number o r  meteors encountcreC. by the ear th  i s  

low. Ror m a g  t h e i r  r e su l t  be e q l a i n e d  as an e f fec t  clue t o  

the axial tilt o f  the ear th  7:ihich leads t o  mzximum pates 

during September i n  the northern hemisphere, 

The foregoing ixmmks shon t ha t  nh i le  Lhe main 

features  or' the radiant dis t r ibut ion o f  sgoradic meteors are  

c lear  thcre  Fernsins some disagreement concerning the annual 

variat ion i n  the dis t r ibut ion,  Since th i s  i s  02 consideix3le 

astronomical i n t e re s t  i t  nould bs worthwhile t o  c l a r i f y  the 
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s i tua t ion  by exaniiiiag other si;:it&ble neteor i k t c .  such as 

that  aecumukted during the opei?e.tion o f  communications links 

u t i l i s i i i g  meteor foiward scz t te r  2roposation. Rad  hmCS and 

JAMES attempted to  obtLin best T i t  betneen their calculkted 

r a t e s  a id  those messui-ed ovei- the  vzi%ious commnication 

pzths considered they ~ o u 1 2  ix-vz obtoined the annual vmla t ion  

i n  each o r  the three model socress. lilter?nz.,tivelg i t  i s  

poss ib l& tliat otheil suPf ic ien t lg  comis ten t  nzteor Gat2 

mists which could -06 malysed t o  y ie ld  the m l z a l  source 

vsriations.  

The zdvice and encourz.geinent given by D r  C.5. 

E l l y e t t  is  great ly  z2preciated. 
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Flg.  2 The calculitteil annual V L  r l~tm1 in strentdl1 oL' e r d l  oi' t i m  t iwx 
major m u p i n t p  of sgorailic meteor r*adinnte along tile ecliptic.  
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Fig. 3 The obecrved vuriatiorls i n  the time of the daily mwrirnum i n  the uporcidic 

meteor rate throu-ut the war. The single maximum oboorvcd ulth the Joclrull 
Bank equipment is shown by the squiirerJ, while the cipclou sliow the tux, maxim 
usually obecrved with the Christchurch ecgipment. 
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thc ratios of' the source otrcngthc. 


